The differential diagnosis of adnexal masses still constitutes a major clinical challenge. B-mode ultrasonography is the most used imaging technique and it is the base for this differential diagnosis with acceptable results in terms of sensitivity but a relatively high false positive rate for predicting ovarian cancer. The role of pulsed Doppler remains controversial and seems to be not reproducible in clinical practice. In the last years, a new technology such as 3D ultrasound-both morphology and 3D Angio power Doppler-has become available for discriminating between benign and malignant ovarian tumors. In this article I aim to review critically recent literature of this topic.
INTRODUCTION
Differentiating benign from malignant adnexal masses represents one of the most challenging problems in gynecological practice. Accurate surgical staging and cytoreductive surgeries have been proved to be among the main prognostic factors in ovarian cancer. 1 For this reason patients with questionable adnexal masses should be referred for primary surgery to specialized centers for gynecologic oncology with experienced surgeons and adequate resources. On the other hand, benign tumors should be treated by minimally invasive surgery, 2 even expectant management may be an option. 3, 4 Therefore, accurate diagnosis is essential in order to establish the optimal management for these patients. Ultrasound is currently accepted as the primary imaging modality in ovarian tumors. Therefore, ultrasound has become the main triage method prior to treatment. The optimal ultrasound approach to characterize adnexal masses remains to be established. Most examiners base their presumptive diagnosis on the sonographic morphologic features of the adnexal mass. 5 However, others use multiparameter-scoring systems. [6] [7] [8] [9] There are several sonographic features, such as the presence of thick wall, thick septations, papillary projections, solid nodules, and ascites associated with a higher probability of malignancy. Multivariate analyses have demonstrated that the most predictive features for malignancy are papillary projections and solid nodules. 10 A recent review showed that pooled sensitivity for B-mode gray-scale ultrasound ~ 90%, either by subjective examiner impression or applying scoring systems, with a false-positive rate ~ 25%.
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Pulsed and color Doppler allow the assessment of tumor vascularization. Early studies using spectral pulsed Doppler indexes were encouraging. 12, 13 However, subsequent studies challenged these results, showing a great overlapping of pulsed Doppler indexes between benign and malignant tumors. 14 Multivariate analyses showed that blood flow location within the tumor was the most predictive parameter for distinguishing benign from malignant ovarian tumors using color Doppler. 15, 16 In spite of these controversies, a meta-analysis showed that the addition of color Doppler to gray-scale ultrasound would increase the specificity of ultrasound from 75 to 90%. 17 The problem was how to integrate both examinations to yield reproducible and clinically relevant results.
In the last few years, 3D ultrasound-both morphology and 3D Angio power-Doppler have been proposed for improving our ability to discriminate between benign and malignant adnexal masses. In this review I aim to evaluate critically recent literature of this new technology. A smooth surface is clearly seen 
STATIC THREE-DIMENSIONAL ULTRASOUND
Three-dimensional ultrasonography (3D US) overcomes some limitations of conventional two-dimensional ultrasound (2D US) allowing a more detailed assessment of morphologic features of the object studied, with no restriction to the number and orientation of the scanning planes.
Obtaining images from all spatial planes and eliminating echoes by using the "threshold" function are among the advantages of this technique. The first allows a more detailed assessment of intracystic structures (Figs 1 and 2 ) and the second allows eliminating internal echoes mimicking solid tissue, such as clots, debris and fatty and mucinous plugs (Table 1) .
Bonilla-Musoles and colleagues evaluated by twodimensional and three-dimensional ultrasonography 76 women diagnosed as having an adnexal mass. They included simple and complex masses. 18 Seventy-one tumors proved to be benign and 5 malignant (cancer prevalence: 6.6%). 2D and 3D ultrasound criteria for malignancy suspicion were the same and based on a scoring system proposed by Kurjak et al. 19 They concluded that 3D US was more sensitive than 2D US (100% versus 80%) with similar specificity (100% and 99%, respectively). These authors reported that the surface mode was able to detect some papillary projections missed on 2D-ultrasound examination. It was not stated whether the same examiner or different examiners performed 2D and 3D examinations.
Hata and co-workers compared 3D US with 2D US in 20 patients with adnexal masses. 20 Thirteen tumors were benign and 7 were malignant (cancer prevalence: 25%). They included simple and complex masses. In this study one examiner performed 2D examination and other performed the 3D examination. Two-dimensional sonographic criteria for suspicion of malignancy were based on the scoring system proposed by Sassone et al. 6 Three-dimensional ultrasound suspicion for malignancy was based on the presence of two or more of the following findings: irregular thick septa, irregular inner wall, high echogenicity and mostly solid irregular tumor. They found that 3D US was more specific than 2D US (92.3% versus 38.4%) being both techniques 100% sensitive.
More recently, Kurjak reported the results of a study comparing 2D and 3D ultrasound in a series of 251 adnexal tumors (221 benign tumors and 30 malignant tumors). Suspicion was based on a morphologic indexing of some features such as wall structure, septa, solid parts and echogenicity. They found 3D US more sensitive than 2D US (87% versus 80%) with similar specificity (96% and 95%, respectively). 21 We found that 3D ultrasonography had not statistically better diagnostic performance than 2D in a series of 44 selected complex adnexal masses. 22 In our study one examiner performed 2D examination and another the 3D examination. Suspicion was based on examiner's subjective impression according to the presence of thick septations, thick papillary projections and solid areas. Differences for 3D and 2D ultrasound in terms of sensitivity (100% versus 90%) and specificity (78% versus 61%) were not statistically significant. Perhaps, this might be explained by the relatively small number of cases and by the fact that both examiners were experienced. In fact, the agreement between them was high. We found 3D US useful to reinforce initial diagnostic impression.
These controversial results might be explained by the fact that in the first two studies the number of malignant tumors was small and, probably, because all of them, except ours, included many not complex tumors. On the other hand, the sonographic criteria for malignant suspicion on 3D US were the same than in 2D US.
THREE-DIMENSIONAL POWER DOPPLER ULTRASOUND
With the advent of three-dimensional ultrasound, threedimensional power Doppler (3D-PD) imaging has become also available for clinical practice. This technique allows tumor vascularization assessment, both quantitatively-by means of 3D-PD derived vascular indexes 23 and qualitatively-by depicting three-dimensionally the tumor vascular network. 24 Several studies have demonstrated in vivo that 3D-PD is a reliable method for assessing tumor microvasculature. [25] [26] [27] Kurjak et al, in two different studies on 120 and 90 adnexal masses, respectively, concluded that 3D-PD was superior to conventional color Doppler by increasing the sensitivity. 24, 28 This same group found that the use on sonographic contrast agents would improve even more the performance of 3D power Doppler 29 (Tables 2) . They compared a scoring system that included some morphological features and 3D-PD evaluation of tumor vessels characteristics, such as vessels arrangement and branching pattern, with another scoring system that included the same morphological features with pulsed Doppler velocimetric parameters (RI < 0.42 or > 0.42). They based their diagnostic criteria for malignancy suspicion on vessel architecture as depicted by 3D, such as branching pattern, vessel caliber, and presence of microaneurysms or vascular lakes. This was based on the chaos theory, 30 which establish that vascular architecture of a vascular network of newly formed vessels in malignant tumors is built following a chaotic distribution but not in a predetermined fashion (Figs 3 to 5) . This has been demonstrated in corrosion studies. 31 However, the reproducibility of this approach needs to be tested because it is basically based on a subjective analysis of a 3D reconstructed image. In fact, no study has been published addressing this issue.
Crade et al have proposed a rather similar approach, but just looking at a portion of the vascular network using the "tissue-block" technique. 32 In this technique the examiner looks for focal vessel lumen changes in order to see within the arterial lumen. Conceptually, these authors propose to use stored 3D images of the vascularity to be sliced and cut away, so as to expose an optimal length of intraluminal arterial flow in the coronal plane. The examiner look specifically for "mini-jets" of flow represented as an "orange shift" of elevated mean velocity (Fig. 6 ). This images can only be obtained using the "magic cut" function. In their experience, the identification of "mini-jets" reported a sensitivity of 85.5% and a specificity of 90% in a series of 27 tumors (seven malignant and 20 benign). Cohen et al evaluated the role of three-dimensional power Doppler in a series of 71 complex adnexal masses on 2D-transvaginal ultrasound. 33 They did not use 2D conventional color Doppler nor 2D power Doppler. In their approach, they combined 2D and 3D morphological features with 3D-PD evaluation of blood flow tumor location, considering a tumor as malignant in the presence of complex morphological pattern and central (in papillary projections and/or septations) blood flow location. They concluded that the addition of 3D-PD improved the specificity of 2D-transvaginal ultrasound (75% versus 54%), without decreasing the sensitivity (100% for both techniques). These results are not surprising and can be achieved also by using a simpler technique such as color Doppler. 34 We found that the diagnostic performance of 3D-PD was not statistically better than that of 2D-PD in a series of 69 complex adnexal masses, presenting both techniques similar sensitivity (97.8% for both techniques) and specificity (87% versus 79%). 35 We compared the 2D-PD diagnostic criteria proposed by Guerriero et al 34 with the 3D-PD diagnostic criteria proposed by Kurjak et al. However, when an examiner face to a complex mass with detectable blood flow within solid areas or thick papillary projections we should categorized this mass as "malignant" or "very highly suspicious". However, a considerable number of benign tumors may exhibit this appearance, for example, cystadenofibromas, tubo-ovarian abscesses or solid benign ovarian tumors.
Using conventional 2D color or power Doppler there is no mean to differentiate these benign entities from true malignant tumors. 3D power Doppler ultrasound provides a new approach to assess tumor vascularization. We have termed this new approach "3D power Doppler vascular sampling". 36 It consists in assessing the vascularization of a given suspicious area in a given tumor by calculating 3D power Doppler derived indexes within these areas (Figs 7 to 9) . In a series of 49 vascularized complex adnexal masses we found that vascularization, as assessed by 3D power Doppler vascular indexes were significantly higher in malignant tumors as compared with benign ones (Fig. 10) . Pulsed Doppler indexes were not helpful.
Almost simultaneously to our study, Testa et al published a study on 24 solid pelvic masses with basically identical results to ours. 37 Some more recent studies also report very similar results. 38, 39 Furthermore, we have recently demonstrated that VI and VFI indexes (Fig. 11) were higher in advanced stage and metastatic ovarian cancer than in early stage ovarian cancer. 40 These preliminary results may be valuable for future research. It would be worth exploring if 3D-PD derived vascular indexes in ovarian cancer could be used as prognostic factor in ovarian cancer. 
CONCLUSIONS
Three-dimensional ultrasound should be considered still as a research tool. There are controversial data about its usefulness and specific diagnostic criteria need to be defined. The issue of reproducibility also needs to be answered. Three-dimensional power Doppler ultrasound should be considered as a research tool, as well. There are two possible approaches: the analysis of vascular network architecture or 3D power Doppler indexes analysis of vascularized areas. There are encouraging preliminary data. The issue of reproducibility also needs to be answered.
